IMPORTANCE Second-generation antipsychotics (SGAs) have increasingly been prescribed to Medicaid-enrolled children, either singly or in a medication combination. Although metabolic adverse effects have been linked to SGA use in youths, estimating the risk for type 2 diabetes mellitus, a rarer outcome, has been challenging.
D uring the last decade, the use of second-generation antipsychotics (SGAs) among children has grown, even as the use of other psychotropic medications has declined. [1] [2] [3] [4] Between 2002 and 2007, SGA use among Medicaidenrolled youths increased by 62%, exceeding rates among commercially insured youths, with nearly 350 000 youths having filled prescriptions in 2007. [4] [5] [6] [7] There are certain conditions for which SGAs have regulatory approval in youths such as schizophrenia, bipolar disorder, and irritability associated with autism 8, 9 ; however, the growth in SGA prescribing is attributable mostly to shifts in the management of disruptive behaviors among youths without psychotic disorders. 4, 5, [10] [11] [12] By the mid-2000s, half of all youths prescribed SGAs had a diagnosis of attention-deficit/hyperactivity disorder, the most prevalent externalizing disorder, and 1 in 7 had a diagnosis of attention-deficit/hyperactivity disorder in the absence of comorbidity. 4 Prescribing behavior to youths in foster care, who have higher rates of disruptive behaviors than other youths, included SGAs in most cases. 13 The use of SGAs has also reflected a shift toward more complicated treatment regimens; 85% of youths receiving SGAs between 2004 and 2008 were concurrently receiving other psychotropic medications. By 2008, 1 in 5 youths taking stimulants and 1 in 3 taking antidepressants also received SGAs. 3 The increased prescribing of SGAs has occurred without sufficient safety and efficacy data, and concerns of adverse metabolic effects have emerged. [14] [15] [16] [17] Evidence of rapid weight gain and deleterious metabolic changes have prompted concerns for development of type 2 diabetes mellitus in youths exposed to SGAs. 18, 19 While trial data have assessed short-term metabolic indicators, the rare outcome of diabetes mellitus has been challenging to study. Larger observational data sets, including data from the Tennessee Medicaid program, 3 regional health plans, and Denmark, have suggested an association of SGAs with diabetes mellitus. [20] [21] [22] However, given the geographic variability in prescribing practices and underlying risk for type 2 diabetes mellitus in youths, these findings should be assessed in a geographically diverse population. [23] [24] [25] A larger data set would also permit the evaluation of whether concomitant use of other medications (eg, stimulants or antidepressants) or a selection of certain SGAs alters the risk for diabetes mellitus; thus far, such relationships have been explored only in smaller, facility-based samples. 18 Therefore, we conducted a longitudinal study of a national sample of Medicaid-enrolled youths at risk for SGA exposure from January 2003 to December 2007.
Methods

Sample and Outcomes
The intent of this analysis was to identify youths with mental health diagnoses initiating SGAs and compare their risk for incident diabetes mellitus with that of comparable youths who did not initiate SGAs. To accomplish this task, we treated an observational national cohort of Medicaid-enrolled youths as a sequence of nonrandomized trials (termed pseudotrials) beginning each month, mirroring an approach described by Hernán and colleagues. 26 This approach was previously applied to a reanalysis of the Women's Health Initiative. 27 Our methods appear in a separate report 28 and in eAppendix 1 in the Supplement. The institutional review board at The Children's Hospital of Philadelphia approved this study. Patient consent was waived because access to identifiable data was limited.
National Centers for Medicare and Medicaid Services Medicaid Analytic eXtract files allowed for identification of a target population of youths aged 10 to 18 years enrolled in Medicaid between January 2003 and December 2007, the latest complete Medicaid files available for longitudinal study. Child-level demographic, eligibility, encounter, and pharmacy data were linked across years using a common Medicaid child identifier.
Inclusion criteria for this study consisted of (1) a behavioral or psychiatric diagnosis and (2) coverage in a Medicaid feefor-service arrangement for at least 10 of 12 consecutive months prior to study entry (ie, a look-back period). The fee-forservice sample, 40% of the Medicaid population during this period, was chosen to ensure ascertainment of diagnoses and prescriptions owing to concerns regarding the reliability of Medicaid managed care data in some states. 29, 30 Youths were excluded for the following criteria: (1) an SGA prescription in the 1-year look-back period or prior diagnosis of type 1 or type 2 diabetes mellitus to ensure a clean cohort without preexisting exposure or diagnosis; (2) chronic inhaled corticosteroid or oral steroid exposure during the look-back period, which would have independently raised the risk for diabetes mellitus; (3) a diagnosis of schizophrenia, for which comparison youths who were noninitiators of SGAs would have been difficult to identify; or (4) a diagnosis of polycystic ovary syndrome, for which metformin, a medication also used for type 2 diabetes mellitus, is often prescribed (Figure) . Details appear in eAppendix 2 in the Supplement. The primary outcome was incident type 2 diabetes mellitus identified through either of 2 algorithms: (1) an inpatient or outpatient visit with a type 2 diabetes mellitus diagnosis (International Classification of Diseases, Ninth Revision codes
At a Glance
• This large national cohort study examined whether the initiation of second-generation antipsychotics (SGAs) was associated with an increased risk for incident type 2 diabetes mellitus in youths. Secondary analyses examined the risk associated with multiple-drug regimens, including stimulants and antidepressants, as well as individual SGAs.
• Second-generation antipsychotic use in youths was associated with a 50% increase in the risk for incident type 2 diabetes mellitus.
• Compared with youths initiating only SGAs, the risk was approximately 50% higher for SGA initiators who were concurrently using antidepressants but was not significantly different for SGA initiators who were concurrently using stimulants.
• Such results warrant increased attention to the safety of the use of SGAs in pediatric populations, including the identification and adoption of best prescribing practices, as well as ways to enhance adherence to metabolic screening policies when initiating treatment with SGAs.
Copyright 2015 American Medical Association. All rights reserved. Separately, we conducted 2 sensitivity analyses of the algorithm for ascertaining type 2 diabetes mellitus. The first allowed a wider time window to satisfy algorithm requirements (6 months instead of 4 months). Second, to address potential misclassification of diabetes type, we included in our outcome all children with a diagnosis of type 1 diabetes mellitus with no filled prescription for insulin during the child's observation window. The results changed little in each analysis (eAppendix 3 in the Supplement).
Statistical Analysis
In each month between November 2003 and December 2007, eligible children were classified as either initiators or noninitiators of SGAs based on a filled prescription in the month. Children were then followed up until diagnosis of diabetes mellitus or end of follow-up owing to censoring caused by transition into a Medicaid managed care arrangement or Medicaid ineligibility (the end of available data). Children could be eligible in multiple months as initiators or noninitiators provided they satisfied the eligibility criteria in that month. Because of the exclusion criteria, SGA initiators could not become eligible for 12 months after ceasing SGA use, while noninitiators were eligible for subsequent trials until either later initiation or censoring.
A conventional intention-to-treat (or as randomized) analysis was used to compare the risk for incident diabetes mellitus between SGA initiators and noninitiators. In this framework, children were followed up as originally exposed without regard to treatment termination or switching. 26 In an initial step, to mimic randomization and to balance on baseline characteristics, we used propensity score models to estimate the probability of exposure (initiation) in each month. These models included sex, age, race/ethnicity, Medicaid eligibility sta- tropic medication classes used in that month or in the 3 previous months (eTable in the Supplement). We then weighted the noninitiators by the odds of being an initiator, so that their weighted characteristics would resemble those of the initiators. 38 The weighted balance checks are described in eAppendix 1 in the Supplement.
38,39
In the next step, a response model estimated the association of SGA initiation with incident diabetes mellitus. Specifically, a discrete failure time model was fitted using weighted logistic regression (eAppendix 1 in the Supplement). Because propensity score-based weights balanced exposure groups on all observed covariates, the time elapsed since pseudotrial entry (categorized as 0-6 months, 7-12 months, 13-18 months, 19-24 months, and ≥25 months) was the sole covariate in this model. An additional analysis included a set of interaction terms for follow-up time and SGA initiation to assess whether the association was modified by length of follow-up. Robust variance estimates accounted for repeated observations of patients across pseudotrials, defined as each month of initiation and its subsequent follow-up. 26 The cumulative incidence of diabetes mellitus over 20 months was then calculated from the monthly estimates of incident risk, which incorporated the average length of follow-up. Secondary analyses of multiple-drug regimens with stimulants and antidepressants, and of individual SGA medications, used similar methods (eAppendix 1 in the Supplement). Multiple-drug regimens were defined by the use of stimulants or antidepressants in the month of initiation or in the 3 months prior.
In the first of several sensitivity analyses, we assessed the potential confounding of unmeasured exposures using an approach described by Lin and colleagues 40 (eAppendix 4 in the Supplement). The second addressed surveillance, or leadtime, bias arising out of possibly increased glucose screening among SGA initiators. 41, 42 This analysis used empirical estimates of prevalence, timing, and frequency of glucose screening to assess the magnitude of bias associated with observed differences in these testing measures between SGA initiators and noninitiators during follow-up (eAppendix 5 in the Supplement). An additional analysis to address lead-time bias examined the degree to which the observed covariates in the propensity score model were predictive of glucose screening and thus accounted for differential screening between exposure groups (eAppendix 6 in the Supplement). Analyses were conducted using SAS version 9.3 (SAS Institute) and Stata version 13.1 (Stata Corp).
Results
Description of the Cohort
Between November 2003 and December 2007, 1 328 985 children satisfied eligibility criteria in at least 1 month. This included 107 551 children who ever initiated an SGA and 1 221 434 who never initiated ( Table 1) . At first eligibility for study, 65% of children were aged 10 to 14 years and 57% were male; 54% of children were white, 27% were black, 12% were Hispanic, and less than 10% had race identified as other or unknown. Fifteen percent of children were Medicaid eligible based on foster care status, 18% were in the Supplemental Security Income (disability) program, and the remainder were income eligible through Temporary Assistance for Needy Families or had another basis for eligibility. The mean (SD) length of follow-up was 19.1 (12.7) months for SGA initiators and 17.2 (12.2) months for noninitiators. The sample included children from all 9 US Census divisions. Table 2 describes the changes in the demographic and clinical characteristics of the participants across all months of initiation, representing the characteristics of participants as they were treated repeatedly as initiators or noninitiators in our study design. Over time, an increasing number of patients received diagnoses of attention-deficit/hyperactivity disorder or bipolar or conduct disorder or were identified as having complex chronic medical conditions. Risperidone was the most commonly used SGA at initiation (38.9%); aripiprazole use increased and the use of olanzapine decreased substantially over time. Comparing exposure groups, initiators were more likely to qualify for Medicaid owing to foster care or disability (Supplemental Security Income) than noninitiators. With the exception of developmental delay, mental health diagnoses were more prevalent among SGA initiators, for whom use of all other psychotropic medication classes was twice as common (82% vs 32%). After weighting, no important differences remained between initiators and noninitiators.
Outcomes
In total, 0.4% of SGA initiators and 0.2% of noninitiators developed diabetes mellitus (Table 2) . Among those who developed diabetes mellitus, the mean (SD) time to diagnosis was 13.5 (9.2) months for initiators and 14.6 (10.1) months for noninitiators. After standardizing for differences in demographic and clinical characteristics, initiators were more likely to develop diabetes mellitus than noninitiators (odds ratio [OR], 1.51; 95% CI, 1.35-1.69; P < .001) ( Table 3) . The risk for developing diabetes mellitus over 20 months was 38 per 10 000 children for SGA initiators compared with 25 per 10 000 for noninitiators, a difference of 13 per 10 000 children. The association of initiation and diabetes mellitus did not vary over the follow-up time.
Next, we examined the risk associated with simultaneous use of other common psychotropic medications at the time of SGA initiation. We compared a standardizing population of children receiving both an antidepressant and an SGA with 3 other groups. First, compared with children who received neither SGAs nor antidepressants, the OR of incident diabetes mellitus was 1.94 (95% CI, 1.54-2.44; P < .001), an increased risk of 23 per 10 000 children over 20 months of follow-up. Second, compared with children initiating an SGA in the absence of antidepressants, the OR was 1.54 (95% CI, 1.17-2.03; P = .002). Finally, compared with SGA-naive antidepressant users, the OR was 1.55 (95% CI, 1.35-1.77; P < .001).
We similarly compared 3 groups of children with a standardizing population of children concomitantly receiving a stimulant when initiating SGAs. First, compared with children with neither medication, exposure to both drugs was associated with an increased risk for incident diabetes mellitus of 1.47 (95% CI, 1.19-1.81; P < .001), an increased risk of 10 per 10 000 children. Second, compared with the children who received only SGAs, there was no significant difference in the risk for diabetes mellitus (OR, 0.84; 95% CI, 0.64-1.11; P = .22). Finally, compared with users of only stimulants, the OR of incident diabetes mellitus was 1.41 (95% CI, 1.18-1.68; P < .001).
Comparisons of individual SGA medications appear in Table 4 . As compared with a reference group and standardizing population of risperidone initiators, the OR of incident diabetes mellitus among ziprasidone initiators was 1.61 (95% CI, 0.99-2.64; P = .06) and among aripiprazole initiators was 1.58 (95% CI, 1.21-2.07; P = .001). There was no significant difference in risk between children using risperidone and children using either quetiapine fumarate or olanzapine.
Sensitivity Analyses
A sensitivity analysis of the potential bias from unobserved confounding suggested that a covariate would need to have double the prevalence among SGA initiators compared with noninitiators and a 2-to 3-fold stronger association with diabetes mellitus among SGA initiators to cause the observed OR of 1.51 to lose statistical significance. 40 In a separate sensitivity analysis for lead-time bias, we found that even extreme acceleration of diagnosis owing to increased frequency of glucose screening among initiators compared with noninitiators could produce an OR of no more than 1.26. This estimate falls below the lower bound of the confidence interval of the primary treatment effect (eAppendix 5 in the Supplement). Furthermore, while initiators were more likely to be screened than noninitiators, the propensity score model covariates were predictive of glucose screening and thus partially accounted for observed differences in screening prevalence (eAppendix 6 in the Supplement).
Discussion
Using national claims records of Medicaid-enrolled children from 2003 to 2007, this study estimated a 50% increase in the risk for incident type 2 diabetes mellitus among youths initiating SGAs compared with similar youths not initiating SGAs. Concurrent stimulant use at initiation did not reduce this risk, while concurrent antidepressant use might have elevated it. Exposure to aripiprazole and ziprasidone demonstrated a higher association with incident diabetes mellitus than exposure to risperidone.
A proper interpretation of these findings requires balancing empirical evidence of efficacy of treatment against the . c Type 2 diabetes mellitus rates are much lower in later pseudotrials than in earlier pseudotrials owing to a shorter observation window (ie, for pseudotrials beginning in the last year of study, the length of observation ranged from 1 to 12 months; for pseudotrials beginning in the first year, children were observed for up to 60 months).
knowledge that the absolute increase in diabetes mellitus risk in SGA-exposed youths remains small (risk difference of 1 per 800 over 20 months of observation). However, the limited follow-up time in this cohort may have understated the cumulative risk. Moreover, the risk for metabolic complications, such as weight gain and obesity, is an order of magnitude larger than the risk for diabetes mellitus; weight gains of 4.4 to 8.5 kg following a median SGA exposure of 11 weeks have been reported in a facility-based sample. 18 This study had several strengths. Beyond the large national sample, we paid careful attention to adjustment for confounding and conducted sensitivity analyses. Nevertheless, we acknowledge limitations. A potential limitation of any observational study lies in unobserved confounding. Our sensitivity analyses suggest that only a confounder with both a strong positive association with diabetes mellitus and a large disparity in prevalence between SGA initiators and noninitiators could explain the observed treatment effect. It is improbable that the 2 most salient unmeasured confounders, obesity and altered hypothalamic-pituitary-axis regulation following chronic or toxic stress exposure, would satisfy these criteria [44] [45] [46] [47] [48] [49] [50] ; while they may be associated with type 2 diabetes mellitus, a disparity in prevalence between exposure groups of the magnitude required to nullify our results is unlikely. Conversely, clinicians may choose not to prescribe SGAs in children with risk factors for diabetes mellitus, such as obesity, in which case, we might have underestimated the true association. Another limitation was surveillance, or lead-time, bias that might arise from greater physician screening for diabetes mellitus among SGA initiators. However, during this period, other research reported low metabolic screening rates; guidelines for metabolic screening in youth did not emerge until 2008, after our observation period. 51 In addition, our sensitivity analyses suggest that lead-time bias is unlikely to explain our findings, and our statistical models included covariates that partially explained differences in screening frequencies between exposure groups (eAppendices 5 and 6 in the Supplement). Finally, owing to our use of an intention-to-treat design, we did not consider whether SGA initiators and noninitiators remained on their assigned treatment after initiation. Therefore, this study design might understate the risk of sustained treatment with SGAs. 28 Although unlikely to explain the aggregate SGA effect, premorbid and unmeasured obesity might confound the analysis of differential risk for diabetes mellitus by specific SGA medications. Previous trials in smaller clinical samples suggested that newer SGAs (aripiprazole and ziprasidone) might carry fewer metabolic adverse effects, particularly weight gain, than other SGA medications. 18, 52, 53 In our study, the newer agents
were not associated with a lower risk for diabetes mellitus compared with risperidone. Although an emerging clinical practice of choosing aripiprazole or ziprasidone for obese patients might have overstated the risk for youths receiving those medications in our study (confounding by indication), our results nevertheless suggest an elevated risk for diabetes mellitus across all SGAs.
Conclusions
This national analysis of Medicaid-enrolled youths adds to a literature of adverse events related to SGA use, particularly with the rising trend of prescribing SGAs concurrently with other psychotropic medications. Such results warrant continued scrutiny of SGA safety in pediatric populations, the identification and adoption of best prescribing practices, and ways to enhance adherence to metabolic screening policies when initiating SGA treatment. 
